Ascending thalamotelencephalic visual pathways that terminate in specific telencephalic regions have been described in all reptiles studied. Although the anatomical data suggests that such telencephalic regions may play a role in visual processing in reptiles, few behavioral data are available. In the present study, the effects of destruction of either the core nucleus (CN) of the dorsal ventricular ridge (telencephalic terminus of the tectothalamofugal pathway) or the dorsal cortex (telencephalic terminus of the retinothalamofugal pathway) on visual discriminative performance in the turtle were examined. Following extensive bilateral destruction of the CN, turtles were severely impaired in their performance of both a simultaneous pattern discrimination and a simultaneous visual intensity discrimination. The extent of the discriminative impairment was found to be specifically correlated with the amount of CN damage. In contrast to the effects of CN lesions, lesions of the dorsal cortex had no evident effect on the performance of either a simultaneous pattern discrimination or a simultaneous visual intensity discrimination. The present results suggest that, as in birds and mammals, telencephalic visual areas play an important role in visual functions in reptiles. As in at least some birds (such as pigeons), the telencephalic terminus of the tectothalamofugal visual pathway appears to play a larger, or at least more readily measurable, role in visual discrimination than does the telencephalic terminus of the retinothalamofugal pathway.
Anatomical, physiological, and behavioral investigations have demonstrated the existence of visual lemniscal pathways to the telencephalon in birds and mammals. Although the existence and functions of the visual pathway to the striate cortex in mammals have long been recognized, the existence and functions of visual pathways to extrastriate cortical regions in mammals have only recently become apparent (Harting et Pettigrew and Konishi, '76 ; Pasternak and Hodos, '77). These two visual pathways in birds have been termed the thalamofugal and tectofugal' visual pathways and have been suggested to be comparable to the mammalian visual pathways to the striate and extrastriate cortices, respectively (Karten, '69; Nauta and Karten, '70; Karten, '79).
In reptiles, two distinct visual pathways, a retinothalamofugal and tectothalamofugal (see footnote l), also terminate within separate circumscribed telencephalic regions (Hall and Ebner, 70a, b; Pritz, 75; Hall et al., '77 ; Lohman and van Woerden-Verkley, '78; '81a, b; Bruce and Butler, '81) . In turtles, the retinothalamofugal pathway consists of a projection from the retina to a thalamic nucleus termed the geniculatus lateralis, pars dorsalis (GLd), which in turn projects to aportion of the pallium of the telencephalon (Fig. 1) termed the dorsal cortex (cd; Hall and Ebner, '70b; Hall et al., '77; Desan, '81) . Thalamic afferents from GLd terminate in the most superficial portions of the molecular layer of dorsal cortex upon the dendrites of dorsal cortex neurons. The turtle tectothalamofugal pathway consists of the projection of the retina to the tectum (Hall and Ebner, '70a; Bass and Northcutt, %l) , with the tectum in turn projecting to the ipsilateral nucleus rotundus of the thalamus (Hall and Ebner, '70a; Foster and Hall, '75) and nucleus rotundus projecting to a distinct portion of the ipsilateral telencephalic dorsal ventricular ridge (DVR) termed the core nucleus (CN) by Johnston ('15; Hall and Ebner, '70b; Balaban and Ulinski, '81a, b) . The rotundorecipient portion of the core nucleus corresponds to zone 4 of the dorsal nucleus in the terminology of Balaban ('78; Balaban and Ulinski, '81b) . The retinal projection to the tectum terminates within superficial layers of the turtle tectum, while the projection to nucleus rotundus arises from a deeper layer of the tectum, the stratum griseum centrale (unpublished observations). The projection of nucleus rotundus to the CN is limited to that portion of the CN at or anterior to the level of the anterior commissure. Both the CN and the dorsal cortex have been found by electrophysiological techniques to show short latency (40-80 msec) visual responsivity (Orrego, '61; Dunser et al., '81) . The circuity of the retinothalamofugal and tectothalamofugal visual pathways in turtles is similar to that of the retinothalamofugal and tectothalamofugal vi- Although behavioral studies in birds have shown that lesions of any of the forebrain components of the ascending visual lemniscal pathways result in impairments in the performance of a variety of visual tasks, investigation of the functions of the forebrain components of the visual pathways in reptiles has been limited. The literature on behavioral investigations of the visual functions of the reptilian telencephalon has been extensively reviewed by Belekhova ('79)2 and Peterson ('80) . Diebschlag ('38), in a large study on the effects of telencephalic ablation in Lacerta, noted one lizard that had sustained a bilateral lesion of the structures: the retina -the doirsal lateral geniculate nucleus of the thalamus -the visual dorsal cortex o f the telencephalon. The tectothalamofugal visual pathway consists of the following serially connected structures: the tectum of the midbrain-nucleus rotundus of the thalamus-the core nucleus of the telencephalon.
A. REINER AND A.S. POWERS
anterior two-thirds of the dorsal ventricular ridge (including the rotundorecipient zone presumably) and was deficient in the retention of a color discrimination. Unfortunately, few details were given on the telencephalic regions damaged or on the training conditions. More recently, Bass et al. ('73 ) found no effect of dorsal ventricular ridge 'Belekhova ('79) has reviewed the extensive Russian literature on the reptilian telencephalon. Since nearly the entirety of this literature is in Russian, the review by Belekhova represents our only access to this information. References to Belekhova ('79) in this paper in many cases refer to specific experiments that had been reported in Russian and are summarized by Belekhova ('79).
food magazine. During a training session, the chamber was illuminated by a houselight in the chamber and was filled to a depth of 2.5 cm with water.
Following food magazine training and key training, turtles were shifted to experimental discrimination training. Fifteen turtles were trained on a visual intensity problem and 15 were trained on a pattern problem. The stimuli for the intensity problem were two circular, evenly illuminated areas (3.2 cm in diameter), with a 0.4-log-unit difference in luminance between them. This difference was achieved by using a Kodak 96,0.6 neutral density filter to attenuate the light intensity for one stimulus and a Kodak 96, 0.2 neutral density filter to attenuate the light intensity for the other stimulus. The intensity difference and the uniformity of illumination were verified photometrically using a Simpson illumination meter (model 408). The pattern problem stimuli were two circular areas (3.2 cm in diameter) of a black background with three superimposed white stripes. For one of the stimuli the stripes were vertically oriented, while for the other the stripes were horizontally oriented. The stimulus pair was equated for the intensity of the white lines by choosing projector bulbs that resulted in matching stimulus intensity, as measured by a Simpson illumination meter (model 408).
The experimental training paradigm was a simultaneous discrimination, with a limited correction procedure for errors. Four repetitive errors were allowed before a guidance trial was given. Stimuli varied in their left-right position according to a random order, each stimulus appearing an equal number of times in either position. The IT1 (intertrial interval) was 15 seconds, with responses during the IT1 resetting the IT1 timer. The response requirement for both correct and incorrect responses was FR2 (fixed ratio). On the intensity problem, seven turtles were trained with bright-correct and eight with dimcorrect. On the pattern problem, six turtles were trained with vertical-correct and nine with horizontal-correct. Training on either problem was continued until criterion performance was achieved. For the pattern problem, a turtle was considered to have achieved criterion when it performed at 90% correct for 2 consecutive days. For the intensity problem, a turtle was considered to have achieved criterion when it performed at 80% correct for 2 consecutive days. The difference in criterion level for the two discriminative tasks reflects an attempt to make the problems of a more comparable level of difficulty. Preliminary work had indicated that the pattern problem was learned to an 80% correct level much more quickly than the intensity problem. An intensity difference of 0.4 log units is near the intensity difference threshold of turtles in the experimental conditions used in the present study (54 lux experimental chamber illumination and 32 candles/m* intensity for brighter stimulus; Powers and Frank, '80, '83) . In the determination of performance level for a given day, only responses on the initial presentation of a stimulus pair were used. Responses during repetitive presentation of a stimulus pair were recorded, but not used in data analysis. Our behavioral procedures are described in greater detail elsewhere (Reiner and Powers, '78) .
Surgery. Surgery was performed within 3 days after criterion was achieved. Eight turtles that had been trained on the intensity problem (four bright-correct and four dimcorrect) and eight turtles that had been trained on the pattern problem (three verticalcorrect and five horizontalcorrect) received lesions aimed at the CN. Coordinates lesions or of dorsal cortex lesions on visual discriminative performance in the side-necked turtle (Podocnernis unifilis). Peterson ('80) also found no effect of dorsal cortex lesions on the ability of the lizard Dipsosaurus to discriminate visual intensity differences. Similarly, Hertzler and Hayes ('67) found no effect of dorsal cortex lesions on either optokinetic nystagmus or visual cliff choices in turtle. Reiner and Powers ('78) , however, have shown that lesions of the thalamic component of the tectothalamofugal visual pathway in turtles (nucleus rotundus) severely impair turtles in their ability to perform visual discriminative tasks. More recently, Reiner and Powers ('80) have noted that lesions of the basolateral telencephalon also severely impair turtles in their ability to perform visual discriminative tasks. In that paper, we suggested that impairments observed after basolateral telencephalic lesions might have their basis in the destruction of the fibers of the ascending visual pathways of turtles. Axons of both the tectothalamofugal and retinothalamofugal pathways course through the basolateral telencephalon in turtles (Hall and Ebner, '70b; Balaban and Ulinski, '81a, b) . Although our data implied that anatomically definable telencephalic visual areas in turtle play a major role in visual functions, previous behavioral studies by others had not shown such a role for either the CN or dorsal cortex. Using more sensitive behavioral methods than previously used by others in the study of telencephalic visual functions in turtles, we reexamined the effects of extensive lesions of either the core nucleus or the dorsal cortex on visual discriminative performance.
MATERIALS AND METHODS Subjects
Thirty native eastern painted turtles (Chrysemys picta picta), both male and female, were used. The turtles were full-grown adults, 10-15 cm in carapace length and 200-400 gm in weight. Subjects were maintained in individual open aquaria in a room with a controlled temperature set at 30°C. An artificial day-night cycle, consisting of 14 hours light and 10 hours darkness, was controlled automatically. Further details of the housing and care are presented elsewhere (Reiner and Powers, '78) .
Apparatus
The apparatus was adapted from that used by Pert and Gonzalez ('74) . The apparatus consisted of a watertight black Plexiglas enclosure, with a hinged top made of black Plexiglas. Centrally located on the front wall of the chamber was a translucent disk, whose center was 7 cm above the floor of the chamber. Food reward (Gerber's Baby Beef) was delivered through an aperture in the center of the disk. Flanking this food magazine were two response keys, each a transparent plastic disk through which stimuli could be presented to the turtle inside the chamber via rearmounted projectors. Depressions of the response key were fed into standard programming equipment that controlled and recorded the events in the experimental chamber. Further details of the experimental apparatus are presented elsewhere (Reiner and Powers, '78) .
Procedure
Preoperative behavioral training. Throughout the experiment, turtles received only one training session per day, consisting of 20 reinforcements. Each reinforcement consisted of the deliverv of 0.3 ml of Gerber's Babv Beef " ~~ and was accompanied Gy a 15-second illumination of the were obtained from the stereotaxic atlas of the turtle brain of Powers and Reiner ('80) . Target coordinates were restricted to the portion of the CN a t or anterior to the anterior commissure (A4.0-A3.4), i.e., that portion of the CN in receipt of input from nucleus rotundus (Hall and Ebner, '70b; Balaban and Ulinski, '81a, b) . Turtles were anesthetized with Equithesin (I.M.: dose .20 m1/100 gm body weight). The skull was opened with a dental drill and the lesions were made electrolytically by passing a 2.0-mA anodal current for 20 seconds. Electrodes were standard size 0 insect pins, insulated with Formvar up to 0.5 from the tip. All lesions were made bilaterally. Since the CN is an extensive structure, two lesions (separated by 0.4 mm) were placed in the CN of each hemisphere.
Among the remaining turtles (seven intensity discrimination turtles, three bright-correct and four dimcorrect; seven pattern discrimination turtles, three vertical-correct and four horizontal-correct), 12 received aspiration lesions of the dorsal cortex while under Equithesin anesthesia. An attempt was made to aspirate only that portion of the dorsal cortex shown by Orrego ('61) to display visually evoked potentials (A4.4-A1.4). All dorsal cortex lesions were made bilaterally. Two turtles (one horizontalcorrect and one dim-correct) received sham lesions in which the dorsal cortex was exposed but no tissue was aspirated.
Following 3-6 days of postoperative recovery, turtles were retrained on the same discriminative problem they had learned preoperatively. All turtles were retrained to criterion or until the animal had received three times as many postoperative sessions as preoperative without having performed at criterion level on even a single postoperative day.
Histology. Subsequent to postoperative training, turtles were anesthetized and perfused via the innominate artery with saline followed by Heidenhain's solution (without mercuric chloride). After several days' postfixation with the brain in situ, the brains of turtles in the CN lesion group were blocked in the plane of the atlas of Powers and Reiner ('80) , removed from the skull, and embedded in gelatin-albumin. The brains were then sectioned at 25 j m on a freezing microtome, mounted on slides, and stained with cresyl violet. The brains of turtles in the dorsal cortex group were also postfixed with the brain in situ for several days, but after blocking and removal from the skull, the brains were dehydrated through graded alcohols, cleared in xylene, and embedded in paraffin. These brains were then sectioned at 15 pm on a rotary microtome, mounted on slides, and stained with cresyl violet.
The CN lesions were reconstructed on standard sections from the atlas of Powers and Reiner ('80) . Areal tissue damage to the CN, to a variety of structures adjacent to CN, and to brain tissue per se were hand measured for each section. The areal measurements were used to calculate for each animal (1) the total volume of the rotundorecipient portion of CN destroyed, ( 2 ) the volume of tissue damage to structures adjacent to CN, and (3) the total volume of brain tissue destroyed. The volume of the rotundorecipient portion of the CN destroyed compared to the total volume of rotundorecipient CN was used to determine the percentage of CN destroyed.
Lesions of the dorsal cortex were largely confined to the pallial roof of the telencephalon. Accordingly, dorsal cortex lesions were reconstructed on surface view drawings of the turtle cerebrd hemispheres, as well as on standard sections from the atlas of Powers and Reiner ('80) . The data of Postoperative behavioral training.
Orrego ('61) and Hall and Ebner ('70b) were used to define the visual portion of the dorsal cortex. A Talos digitizing tablet peripheral to a Terak series 8500 microcomputer was used to measure (from the surface view reconstructions): (1) the total palrial area destroyed and (2) the total area of visual dorsal cortex destroyed. Based on the total area of the visual portion of the dorsal cortex, the percentage of the visual dorsal cortex destroyed was calculated for each turtle. The amount of damage to subcortical structures was also determined for the dorsal cortex lesion turtles.
RESULTS .Anatomical
Tables 1-4 indicate the amount of damage to various cell groups of the telencephalon in the turtles in the core nucleus lesion groups (Tables 1, 2 ) and the dorsal cortex lesion groups (Tables 3,4 ). In addition, the amount of overall tissue damage (expressed in cubic millimeters) is indicated for each turtle. Based on the amount of tissue damage to the target structure, turtles were assigned to separate lesion categories. The limits for inclusion in these lesion categories were intended as devices to aid in grouping the animals for the presentation of the preoperative and postoperative learning curves.
Core nucleus lesions -intensity discrimination turtles. Turtles trained on the intensity problem were divided into three lesion categories (1) severe core nucleus destruction (greater than 65% bilateral core nucleus destruction), (2) moderate core nucleus destruction (40-6570 bilateral core nucleus destruction), and (3) slight core nucleus destruction (0-40% core nucleus destruction). Figure 3 presents the lesion reconstruction for a representative turtle in each lesion category. Turtles are listed in Table 1 in terms of the percentage of damage Lo the core nucleus. Turtle 19, which sustained no core nucleus damage, is listed with turtle 42, which sustained slight core nucleus damage. In turtle 63 in the severe core nucleus lesion category, the right core nucleus was not directly damaged, the lesion being in the lateral portion of the paleostriatum augmentatum (PA). This lesion did, however, extensively damage the lateral forebrain bundle, which contains the fibers of the rotundo-core nucleus pathway. In the nucleus rotundus ipsilateral to this PA lesion, a 75'70 cell loss was observed. Consequently, for the right side in turtle 63 core nucleus damage was scored as 75%, since at least 75% of the rotundal afferents of this core nucleus had been removed. No retrograde degeneration was evident in the nucleus rotundus ipsilateral to lesions in any of the remaining turtles in the core nucleus lesion categories; lesions in these turtles were largely restricted to the dorsal ventricular ridge.
As can be seen in Table 1 , core nucleus damage was attended by varying amounts of damage to adjacent structures, including the visual dorsal cortex, pallid thickening, the paleostriatum augmentatum and the portions of the anterior dorsal ventricular ridge (Balaban, '78) lying outside of the rotundorecipient zone (core nucleus) of the anterior dorsal ventriciilar ridge. Damage to the dorsal cortex tended to be minimal, with only turtles 57 and 44 showing as much as moderate dorsal cortex damage. In general, dorsal cortex damage was restricted to rostral portions of the visual portion of the dorsal cortex. Damage to the right dorsal cortex and pallial thickening in turtle 63 is scored as severe since the basolateral forebrain damage in this turtle DVRLDVRR' presumably severely damaged the ascending fibers of the geniculocortical (or retinothalamofugal) system. As can also be seen in Table 1 , turtles with greater amounts of core nucleus damage tended also to have greater amounts of overall tissue damage. Statistical techniques were used to examine the correlation between the damage to these various structures and the behavioral impairments observed (see below).
Core nucleus lesions -pattern discrimination turtles. These turtles were divided into three lesion categories: (1) severe bilateral core nucleus destruction, (2) moderate and slight core nucleus damage, and (3) severe unilateral core nucleus damage. The limits for inclusion in these various categories were the same as in the case of the intensity discrimination turtles. Figure 4 depicts the lesion damage in a representative turtle in each lesion category. Table 2 presents the turtles classed in each of these lesion categories and shows the percentage of core nucleus damage. Turtles 36 and 66 were placed in a separate lesion category, termed severe unilateral core nucleus destruction, since both turtles sustained extensive rotundorecipient core nucleus damage on one side but negligible rotundorecipient core nucleus damage on the other.
Lesion damage in these turtles was well restricted to the core nucleus. Only one of the turtles sustained any more than slight dorsal cortex damage. In general, any damage to dorsal cortex was limited to rostral visual cortex. Unlike the intensity discrimination turtles, core nucleus damage in the pattern discrimination turtles did not appear to be correlated with total tissue damage. Of particular interest with respect to the evaluation of the role of the core nucleus in the behavioral impairments, turtles 36 and 50 (see Fig. 4 ) sustained similar amounts of extensive bilateral damage to portions of the DVR outside the core nucleus. These turtles differed, however, in that the rotundorecipient portion of the core nucleus was extensively damaged bilaterally in turtle 50 but only unilaterally damaged in turtle 36. As can be seen in Table 2 , turtle 36 showed no be- havioral impairment while turtle 50 was considerably im-discriminative problem. Some animals were unable, howpaired. Three turtles (35, 50, and 49) sustained moderate ever, to reattain criterion-level performance and training damage to the pallid thickening. The pallial thickening is was terminated. For all turtles a savings score was calcucontinuous with the dorsal cortex and the dendrites of neu-lated according to the following formula: rons of the medial pallid thickening appear to be in receipt
(1) of input from the retinothalamofugal pathway (Desan, '81; unpublished observations) . Further, fibers of the retinopreoperative sessions -postoperative sessions preoperative sessions savings = 100% x thalamofugal pathway course lateral to the pallid thickening before terminating in the roof of the dorsal cortex. The last two criterion-level performance days were not inconsequently, damage to the pallial thickening may result cluded in the calculation of the savings score. The savings in either direct or indirect damage to the retinothalamofunucleus lesion groups is gal system. The possible contribution of such damage to presented in Tables 1 and 2. Figure 9 (intensity discriminathe behavioral impairments was considered in the case of tion turtles) and ~i~~~ 10 (pattern discrimination turtles) all turtles in this study (see below).
present the preoperative and postoperative learning Dorsal cortex lesions -intensity discrimination turtles.
nucleus lesion group. T~~-Three lesion categories were established: (1) severe dorsal ties are grouped in each set of in terms of the lecortex destruction (greater than 70% bilateral dorsal cor-sion category to which they had been assigned. Thus, for tex destruction), (2) moderate dorsal cortex destruction example, ~i~~~ 9~ and B show the learning for (30-70% bilateral dorsal cortex destruction), and (3) slight, the turtles that had been trained on the intensity problem or negligible, dorsal cortex destruction (5-30%, Or less, bi-a d Were classed as having sustained Severe core nucleus lateral dorsal cortex destruction). Table 3 presents the per-damage. show the amount Of damage to nonvisual POr-and neither of the turtles in the slight or no core nucleus tions of the cortex such as the olfactory cortex (pyriform category showed a postoperative loss in discriminative cortex). Figure 6 presents lesion reconstructions for the performance. turtles whose lesions impinged on subcortical structures.
Inspection of the data in Table indicates that the turIn general, dorsal cortex turtles trained on the intensity tles with the greatest amounts of nucleus damage problem sustained little damage to subcortical structures. showed the greatest postoperative discriminative impairDamage to the ' Ore and '' the pallid thickening ments. To assess this tendency statistically, a Kendall tau did occur in two turtles (see Fig. 6 ) and is indicated in Table rank-order correlation coefficient was calculated (with tor-3. Damage t' nonrotundorecipient portions Of the DVR rections for ties). Turtles were ranked for their core nucleus was negligible. The amount of total tissue damage is also damage in terms of the total bilateral damage indicated in Table 1 , with the turtle with the greatest amount of core shown. Turtle E64 received a sham lesion.
Dorsal cortex lesions -pattern discrimination turtles. nucleus damage ranked first. Turtles, behavioral performThree lesion categories were established: (1) severe dorsal ance was ranked by savings score, with the turtle showing cortex destruction, (2) moderate dorsal cortex destruction, the greatest loss being ranked first. Turtles that did not reand (3) slight, or negligible, dorsal cortex destruction. The learn were considered tied in ranking nd were ranked criteria for inclusion in these categories were the same as ahead of turtles that did relearn. The resultant Kendall tau for the dorsal cortex turtles in the intensity distrimination was .642 (n = 8), which is significant at the .05 level (in a group. Table 4 presents the percentage destruction of the one-tail&d test), visual dorsal cortex in these turtles. Figure 8 Presents the lesion reconstructions for several tion were severely impaired (Fig. 10) . Two of these turtles showed large postoperative losses, while the third never returtles whose lesions impinged on subcortical structures. learned (see Table 2 ). Turtles with moderate ad slight bi-'les and E6 sustained Some damage to the ' Ore nu-but not as great as those shown by the severe bilateral core cleus and Pallid thickening (Fig. 81 , as indicated in Table 4 . nucleus turtles. Turtle 36 of the Severe unilateral nucleus category showed 88% postoperative savings. Turtle Turtle E l 3 received a sham lesion.
66 of the severe unilateral core nucleus category also showed good postoperative discriminative performance,
Behavioral
Core nucleus lesion turtles. Turtles in the severe and although turtle 66 did not achieve postoperative criterion moderate lesion categories for both discriminative tasks (Fig. 1OC) . A Kendall tau rank-order correlation coefficient required several days to several weeks of remedial key was calculated for the turtles trained on the pattern probtraining before experimental training could be resumed. lem. The resulting Kendall tau was 509, which is signifiTurtles were then retrained to criterion on their original cant at the .05 level (in a one-tailed test).
Lesion damage was again we' ' confined to the cortex. Tur-lateral core nucleus damage showed postoperative losses, As noted above, structures adjacent to the core nucleus were damaged to varying extents in the course of making the lesions of the core nucleus. Further, turtles with greater amounts of core nucleus destruction tended, at least in the case of the intensity discrimination turtles, to have larger lesions overall. Therefore, we examined the correlation between the behavioral impairment and the total amount of tissue destroyed. Further, we examined the correlation between the behavioral impairment and the amount of damage to various structures other than the core nucleus. Because of the tendency of core nucleus damage to correlate with damage to other brain structures (as well as with overall lesion size), partial correlation statistics were used to separate out the contribution of core nucleus damage to the Correlation of the behavioral impairment with damage to these other structures. Table 5 shows the correlation between the behavioral impairment and (1) the total amount of brain tissue destroyed, (2) the amount of paleostriatal complex (PC; including the paleostriatum augmentum and the globus pallidus between A5.0 and A3.0) destroyed, (3) the amount of damage to the visual dorsal cortex, (4) the amount of damage to the pallial thickening, and (5) the ;mount of damage to portions of the anterior dorsal ventricular ridge lying outside the rotundorecipient zone. For each of these correlations, Kendall's partial correlation coefficient technique was used and the amount of damage to the core nucleus was held constant in each correlation. As can be seen, for the intensity discrimination turtles, only core nucleus damage appears to correlate with the behavioral impairment. All other correlations are .140 or less. In the pattern discrimination turtles, core nucleus damage also seems well correlated with the behavioral impairment. Damage to other structures, except the paleostriatum, does not appear to be correlated with the impairment on the pattern problem. Thus, the behavioral impairments on the intensity and pattern problems are not related to the overall amount of tissue damage. Further, the decrement in performance on these two problems is not related to damage to either the dorsal cortex or the pallid thickening or the nonrotundorecipient portion of the anterior dorsal ventricular ridge. Performance on the pattern problem but not the intensity problem does appear to show a high correlation with the amount of damage to the paleostriatum. Although performance on the pattern problem correlated with the amount of damage to the paleostriatum, such damage was not necessary for the occurrence of the impairment. Both turtles 53 and 49, for example, had little paleostriatal damage but did show a substantial postoperative loss. Dorsal cortex lesion turtles. Turtles in the dorsal cortex lesion categories required little or no remedial postoperative key training prior to the initiation of postoperative discriminative training. All turtles in the dorsal cortex lesion categories relearned their discriminative tasks to criterion. Savings scores were calculated for all turtles as in the case of the core nucleus turtles. These savings scores are presented in Tables 3 and 4. The preoperative and postoperative learning curves for the turtles trained on the intensity problem and the pattern problem are presented in Figures 11 and 12 , respectively. On both the intensity and pattern problems, postoperative performance by turtles with severe and moderate dorsal cortex damage was indistinguishable from that of turtles with sham lesions or slight dorsal cortex destruction. Although turtle E72 (moderate dorsal cortex -intensity group) and turtle E6 (moderate dorsal cortex -pattern group) did show postoperative losses, these two turtles were the only turtles among the dorsal cortex lesion turtles to show postopera tive losses. Several other turtles, however, had similar or greater amounts of damage to the visual dorsal cortex and showed substantial postoperative savings. Thus, the postoperative performance of turtles E72 and E6 may be attributable to individual variation rather than to dorsal cortex damage per se. Since turtle E6 did sustain moderate bilateral core nucleus damage (which, as seen in the case of the core nucleus lesion turtles, affects pattern discrimination), the observed postoperative loss in turtle E6 may be attributable to damage to the core nucleus.
Kendall tau rank-order correlation coefficients were calculated for both the intensity and pattern discrimination turtles in order to assess the relationship between the amount of dorsal cortex damage and the postoperative behavioral performance. Although dorsal cortex damage did not result in obvious postoperative losses in discriminative ability, it still seemed possible that performance was correlated with the amount of dorsal cortex damage. Coefficients for the correlation with postoperative behavioral performance were also calculated for the amount of total tissue damaged, the amount of pallid thickening damaged, and the amount of core nucleus damaged. Performance and tissue damage were ranked as described above. None of the correlation coefficients are significant (at the .05 level in a one-tailed test). High correlations are seen, however, between core nucleus damage and the behavioral impairment and between pallid thickening damage and the behavioral impairment in the pattern discrimination turtles (see Table 5 ). Holding the amount of core nucleus damage constant, the partial correlation coefficient between pallial thickening damage and the impairment was less than the correlation between CN damage and the impairment.
DISCUSSION
Previous anatomical studies in turtles have established the existence of two separate visual channels, the tectothalamofugal and the retinothalamofugal, that project to the telencephalon, terminating in the core nucleus and the dorsal cortex, respectively (Hall and Ebner, '70a, b; Foster and Hall, '75; Hall et al., '77; Belekhova, '79; Balaban and Ulinski, '81a, b) . Both pathways seem to be lemniscal channels that convey visual input to the telencephalon (Hall et al., '77; Belekhova, '79; Balaban and Ulinski, '81a, b) . The present study has used the lesion technique to examine the role of these telencephalic visual structures in the visual discriminative performance of the turtle. Large bilateral lesions of the core nucleus were found to impair turtles in their performance of both a pattern discrimination problem and a visual intensity discrimination problem. Dorsal cortex lesions, on the other hand, were found to have no discernible effect on the performance of the visual discriminative tasks used in the present study. Although the anatomical data indicate that both the core nucleus and the dorsal cortex are involved in visual functions, the present results suggest that the core nucleus plays a greater role in visual discriminative tasks such as employed in the present study. In pigeons also, the telencephalic terminus of the tectothalamofugal pathway (the ectostriatum) plays a greater role in visual discriminative performance than does the telencephalic terminus of the retinothalamofugal pathway (the visual Wulst; Hodos, '76).
Specificity of lesions
Although it proved difficult to limit the lesions exclusively to either the core nucleus or the dorsal cortex, the values for the Kendall partial correlation coefficients (that express the relationship between the behavioral impairment and the damage to various structures other than the core nucleus and dorsal cortex) suggest that (1) the observed impairments in the core nucleus group were specifically correlated with amount of core nucleus damage and (2) any observed impairments in the dorsal cortex lesion group were not correlated with the amount of damage to the dorsal cortex. In the core nucleus lesion turtles the behavioral impairment did not correlate with the amount of total tissue destroyed (when the amount of core nucleus damage was held constant by statistical means). Comparison of individual turtles also demonstrates this point (see turtles 35 and 36 in Table 2 ). Similarly, the impairments in the dorsal cortex-lesioned group of turtles did not correlate with the amount of total telencephalic tissue damaged. Across both the core nucleus and dorsal cortex lesion groups, the behavioral impairments showed a consistent correlation with core nucleus damage. Even in the dorsal cortex turtles trained on the pattern problem, the impairments that were observed appeared to be correlated with the amount of core nucleus damage. Damage to other structures such as the pallial thickening or nonrotundorecipient portions of the anterior dorsal ventricular ridge was not correlated with impairments in discriminative performance (when the amount of damage to the core nucleus was held constant). I t is interesting to note that damage specifically to the rotundorecipient portion of the dorsal ventricular ridge (i.e., the core nucleus) is correlated with the behavioral impairment. This correlation is also evident in a comparison of individual turtles. Turtles 36 and 50 of the pattern discrimination group sustained similar amounts of damage to the nonrotundorecipient portion of the anterior dorsal ventricular ridge. These two turtles differed, however, in that turtle 50 sustained severe bilateral damage to the core nucleus while turtle 36 sustained only severe unilateral damage to the core nucleus, Turtle 50 showed a considerable postoperative loss, while turtle 36 showed 88% savings.
For the pattern discrimination turtles, damage to the paleostriatum did correlate with the behavioral impairment, even when a correction was made (Kendall's partial correlation coefficient) for the contribution of the core nucleuspaleostriatum correlation to the correlation of paleostriatal damage with the behavioral impairment. In a previous study we found that extensive bilateral damage to the basolateral portion of the turtle telencephalon, i.e., the paleostriatal region, resulted in severe discriminative impairments (Reiner and Powers, '80) . We interpreted these results as reflecting the destruction of the visual thalamofugal fibers as they course through the basolateral telencephalon. The basis of the correlation of paleostriatal damage with the impairment on the pattern problem in the present study is unclear. No such correlation is evident in the case of the intensity discrimination turtles. The fibers of the rotundo-core nucleus projection do course through the portions of the paleostriatum that were lesioned in these turtles. Thus, the correlation between paleostriatal damage and the behavioral impairments may reflect that the lesions destroyed rotundal afferent axons en route to the core nucleus. In such cases, the amount of direct core nucleus damage may not give a good reflection of the amount of loss of input to the core nucleus. The behavioral impairment would then tend to show a correlation with paIeostriatal damage even when corrected for the correlation of paleostriatal damage with core nucleus damage. An alternate possibility is that the paleostriatum is to some extent involved in pattern discrimination. An input of nucleus rotundus to the paleostriatum has been claimed by some authors (Kruger and Berkowitz, '60; Hall and Ebner, '70b) . The horseradish peroxidase data strongly indicate, however, that nucleus rotundus does not project to the paleostriatum (Parent, '76; unpublished observations) . Thalamic nuclei situated dorsal and lateral to nucleus rotundus (i.e., nuclei dorsomedialis anterior and dorsolateralis anterior) have been found to project to the paleostriatum (Balaban and Ulinski, '81a) . The reptilian paleostriatal complex has been reported to give rise to a major bisynaptic input (via the pretectal structure termed the dorsal nucleus of the posterior commissure) to the tectum (Reiner et al., '80) . Damage to the paleostriatum may influence pattern discrimination by affecting such pathways. Bilateral destruction of the avian homologue of the dorsal nucleus of the posterior commissure, however, does not affect pattern discrimination (Bugbee, '79) . Although the basis of the correlation between paleostriatal damage and the behavioral impairment is presently unclear, it is evident that paleostriatal damage is not necessary in order to observe impairments in either the pattern problem (see turtles 53 and 37 in Table 2 ) or the intensity problem.
Although dorsal cortex damage itself did not result in any behavioral impairments in the present study, the possibility exists that dorsal cortex damage plus core nucleus damage results in greater impairments than does core nucleus damage alone. In birds, combined damage to the tectothalamofugal and retinothalamofugal systems results in greater impairments than does damage to the tectothalamofugal system alone (Hodos, '76) . In the present study, turtles with core nucleus lesions sustained varying amounts of damage to the dorsal cortex. Several turtles sustained extensive bilateral core nucleus damage with only slight dorsal cortex damage (see Tables 1,2 ). In these turtles, the possibility that the lesions destroyed the geniculocortical fibers en route to the dorsal cortex was negligible since the lesions did not extent as far lateral as the lateral edge of the core nucleus and pallial thickening (where the geniculocortical fibers course), except at very rostra1 levels of the visual portion of the dorsal cortex. These turtles showed substantial impairments in visual discriminative performance. The discriminative impairments in these turtles were not observably different than those in turtles that had equal damage to the core nucleus but greater amounts of dorsal cortex damage (e.g., compare turtles 59 and 67 in Table 1 ). Similarly, pallial thickening damage (which itself did not correlate with the discriminative impairments in any of the groups of turtles) did not appear to increase obviously the severity of the deficit seen with CN lesions. Although dorsal cortex or pallid thickening lesions may synergize with core nucleus lesions to produce greater impairments than any of these lesions alone, such a possibility is not obviously supported by the data in the present study.
Functions of core nucleus and dorsal cortex
The present results show that core nucleus damage does impair turtles in their ability to perform visual discriminations. Physiological and anatomical data indicate that while the core nucleus and nucleus rotundus show some measure of responsivity to nonvisual stimuli, the major afferent fibers that project to both nucleus rotundus and the core nucleus convey visual information (Belekhova and Kosareva, '71; Balaban and Ulinski, '81b) . Thus, it seems likely that the impairment that follows damage to the core nucleus does represent an impairment in visual functions and does not reflect a nonspecific diminution in discriminatory ability. Consistent with the idea that the tectothalamofugal pathway is involved specifically in visual functions, we have found that lesions of nucleus rotundus result in elevations in visual intensity difference thresholds (Powers and Frank, '80, '83) . Further, we have found that lesions of the core nucleus differentially affect pattern and color discrimination on a task involving shifts between problems along these two dimensions (Cranney and Powers, '81) : Turtles with core nucleus lesions were capable of normal performance on the color problem, but performed more poorly than the controls when shifted to the pattern problem. Such impaired performance on one set of visual problems, but not on a second, suggests that the core nucleus does play a specific role in visual processing.
The specific visual Functions affected by our core nucleus lesions are uncertain. In a previous study we found that extensive lesions of nucleus rotundus, the diencephalic component of the tectothalamofugal pathway, severely impair turtles in their ability to perform visual intensity and pattern discriminations (Reiner and Powers, '78) . Similarly, in the present study, extensive lesions of the core nucleus, the telencephalic target of nucleus rotundus, impair turtles in visual intensity and pattern discrimination. Core nucleus lesions of a size too small to produce an impairment on the intensity problem did produce an impairment on the pattern problem (see turtle 42 in Table 1 and turtles 37 and 52 in Table 2 ). These results suggest that the core nucleus, as well as nucleus rotundus, may play some role in form vision. Such a conclusion is inconsistent with the proposal of others regarding the role of the ascending tectothalamofugal pathway in turtles (Rainey, '80; Balaban and Ulinski, '81b; Dunser et al., '81) . Anatomical data indicate that at the level of both the tectal input to nucleus rotundus and the rotundal input to the core nucleus, the tectothalamofugal pathway is characterized by individual axons with widely branched terminations. Further, the tectal input to nucleus rotundus arises from a tectal layer (known as the stratum griseum centrale) whose cells possess dendrites that are widely branched in the superficial layers of the i,ectum (Reiner, unpublished observations) . The physiological data indicate that units in the core nucleus do indeed possess wide visual receptive fields that frequently span nearly the entirety of the visual field of one eye (Belekhova, '79; Dunser et al., '81) . Such results have led some to the suggestion that the ascending tectothalamofugal visual pathway in turtles cannot be involved in form vision since the anatomical configuration of this system seemingly precludes this possibility (Rainey, '80; Balaban and Ulinski '81b) . These authors have suggested that the tectothalamofugal pathway in turtles mediates temporal aspects of visu+d processing, i.e., movement detection. Studies in birds, however, have recently shown that the presence of wid? receptive fields and extensive terminal branching of individual axons do not preclude the possibility that a visual pathway is involved in form vision. The avian tectothalamofugal pathway also possesses units with wide receptive fields (Revzin, '70 ) and a seemingly nonretinotopic organization (Karten and Revzin, '66/67; Karten and Hodos, '70; Benowitz and Karten, '76; Hunt and Kunzle, '76) . Nonetheless, lesions of nucleus ro-of the dorsal pallium examined in the Peterson study ('80) does not receive input from the retinothalamofugal pathway. The retinothalamofugal pathway in lizards appears to terminate in an extension of the cortex (similar to the pallial thickening of turtle) that has assumed aposition below the ventricle within the dorsal ventricular ridge (Lohman and van Woerden-Verkley, '78; Bruce and Butler, '81) . Some authors have assumed this region is not homologous to the dorsal cortex of turtles since the latter occupies a pallial position, but this conclusion does not appear to be a necessary one. In any case, it is clear that the Peterson ('80) study does not bear on the functions of the visual dorsal cortical area of turtles. Peterson's conclusion that a cortical region in reptiles is comparable to the mammalian hippocampus and plays a role in phenomena such as reversal learning, however, may be valid. Bass et al. ('73 ) have examined the role of the dorsal cortex and the dorsal ventricular ridge in visual discriminative behavior in the sidenecked turtle. They did not observe any impairments in visual discriminative performance following either lesions of the dorsal cortex or combined lesions of the dorsal cortex and dorsal ventricular ridge. Although their failure to find an effect of dorsal cortex lesions is consistent with the results of the present study, their failure to find an effect of dorsal ventricular ridge lesions is not. The difference between the present study and that of Bass et d. ('73) may be that the lesions of the dorsal ventricular ridge in the Bass et al. study ('73) did not destroy a large enough portion of the rotundorecipient portion of the dorsal ventricular ridge to produce an effect in their behavioral paradigm. Inspection of their lesion reconstructions indicates substantial sparing of the core nucleus region in even the turtles with the largest lesions. Another possible difference stems from the fact that the core nucleus in pleurodire turtles, such as side-necked turtles, is less well developed than that in cryptodire turtles, such as Chrysemys (R.G. Northcutt, personal commun.). Thus, core nucleus lesions in pleurodire turtles may have less of an effect on visual discriminative performance than in cryptodire turtles.
In a previous study (Reiner and Powers, '80) , we noted that lesions of the basolateral telencephalon in turtles resulted in severe and lasting visual discriminative impairments. We suggested that these impairments might be based in the disruption of the ascending input to telencephalic visual areas in turtles. Our present observations on the effects of core nucleus lesions are consistent with this possibility. Basolateral telencephalic damage, however, results in more severe impairments than did combined core nucleus and dorsal cortex damage in the present study. The basis of this discrepancy is presently unclear. Perhaps basolateral telencephalic lesions result in a disruption of the input and output of a wide variety of telencephalic structures. Alternatively, the basolateral telencephalic lesions may produce a much more severe deafferentation of (and hence damage to) both the dorsal cortex and core nucleus than produced by any lesion in the present study. In the present study, no turtle sustained combined severe core nucleus damage and severe visual dorsal cortex damage. Several previous studies in lizards (Tarr, '77; Greenberg et al., '79) have noted that while lesions of the basolateral telencephalon result in a greatly decreased responsivity to visual social signals from conspecifics, lesions of the dorsal ventricular ridge produce no such effect. We suggested previously (Reiner and Powers, '80 ) that the alterations in species-specific behavior following telencetundus and ectostriatum in pigeon both result in impairments in the performance of pattern discriminations (Hodos and Karten, '66, '70) . Further, lesions of nucleus rotundus have recently been shown to result in permanent losses in acuity in pigeons (Macko and Hodos, '79 ). In contrast, lesions of components of the retinothalamofugal pathway do not impair birds in pattern discrimination or result in acuity losses (Hodos et al., '73; Macko and Hodos, '79) . Thus, the anatomical data alone do not clarify the role of nucleus rotundus or its telencephalic target in visual functions. The behavioral data suggest that the tectothalamofugal system of birds and reptiles plays some role in form vision. Although units in the core nucleus of turtle do show wide receptive fields, such units are reported to be relatively finely tuned to parameters of the test stimulus (Belekhova, '79) . Such results have led Belekhova ('79) to suggest that the core nucleus is involved in analyzing specific visual features. On the basis of observations similar to those above, Ulinski ('83) has recently suggested that the tectothalamofugal visual pathway of reptiles may mediate some aspects of spatial or form vision. The role of the dorsal cortex is unclear from the present study. The dorsal cortex does contain a crude retinotopic map (Orrego, '61; Belekhova, '79) and visual units of the dorsal cortex vary in size from a few degrees to the entire visual field of one eye (Belekhova, '79) . Although the visual portion of the dorsal cortex appears to receive thalamic input from only the dorsal lateral geniculate nucleus, the visual portion of the dorsal cortex also receives input from the medial and dorsomedial cortices (Desan, '81; Reiner and Eldred, '82) . Input from these other sources may account for the multimodal responsivity attributed to visually responsive units of the dorsal cortex (Belekhova, '79) . The present results suggest that the role of the dorsal cortex in vision is too subtle to be detected by the techniques used in the present study. The dorsal cortex has been suggested to play a role in visual associative functions (Belekhova, '79). Cranney and Powers ('81) have recently shown that lesions of cortex in turtles result in impairments in the performance of reversals on a visual task.
Comparison to other studies
Previous studies in a variety of reptiles have not reported impairments in the performance of visual tasks following lesions of either dorsal cortex or core nucleus (or its equivalent). Hertzler and Hayes ('67) noted that dorsal cortex lesions have no effect on either optokinetic nystagmus or visual cliff choices in turtles. Fite et al. ('79) , however, have recently suggested that optokinetic nystagmus in turtles may be mediated by subtelencephalic visual centers -specifically, the accessory optic system (the nucleus of the basal optic root and its projection targets) and the nucleus lentiformis mesencephali (and its projection targets). Peterson ('80) has reported that lesions of the dorsal cortex in the lizard Dipsosaurus dorsalis do not affect visual intensity difference thresholds but do result in impairments in spatial reversal learning. Based on a presumed homology of the dorsal cortex to the avian Wulst, impairments in intensity difference thresholds might be expected (Pastern& and Hodos, '77). Peterson concludes that the dorsal cortex of Dipsosaurus is not a visual structure comparable to the mammalian striate cortex but is more comparable to the hippocampus. The region termed the dorsal cortex in Dipsosaurus does not, however appear comparable to that termed the dorsal cortex in turtle. The region phalic lesions might in part be attributable to impairments in visual functioning following disruption of the fibers of the ascending visual pathways. The absence of an effect of dorsal ventricular ridge lesions is, however, puzzling. The histological reconstructions of Greenberg et al. ('79) suggest the possibility that the dorsal ventricular ridge lesions may have spared most of the rotundorecipient zone of the dorsal ventricular ridge (as defined in lizards by Hoogland, '77, and Lohman and van Woerden-Verkley, '78). In the present study, damage to the dorsal ventricular ridge, excluding the rotundorecipient portion of the core nucleus, did not correlate with the discriminative impairments. It would be of interest to know whether damage to the rotundorecipient portion of the lizard dorsal ventricular ridge does affect responses to visual social signals from conspecif ics .
Ascending visual pathways to the telencephalon have been described in members of a variety of vertebrate classes, including not only the amniote classes, but also amphibians (Kicliter, '79) Luiten, '81a, b) . A role of the telencephalic targets of these pathways in visual processing is well accepted for mammals and has recently become established for birds (Hodos, '76; Karten, '79) . Recent studies in sharks have also demonstrated that telencephalic visual centers in cartilaginous fish play a role in visual discriminative functions (Graeber et al., '73, '78). Our previous studies (Reiner and Powers, '78, '80) in conjunction with our present study strongly indicate that the tectorecipient nucleus rotundus and its telencephalic target, the core nucleus, play a major role in visual processing in turtles.
